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EXTENDED PI-CONJUGATED PLATINUM
(1) COMPLEXES

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/944,423, filed Jun. 15, 2007, the
entire contents of which are hereby incorporated by refer-
ence.

[0002] Throughout this application, various publications
are referenced by full citations. The disclosures of these pub-
lications 1n their entireties are hereby incorporated by refer-
ence 1nto this application.

BACKGROUND

[0003] Organic Light-Emitting Devices (OLEDs) typically
encompass display devices that sandwich carbon-based films
between two charged electrodes, one a metallic cathode and
one a transparent anode, often glass. The films include a
hole-injection layer, a hole-transport layer (HTL), an emis-
stve layer (EL) and an electron-transport layer (ETL). If volt-
age 1s applied to the OLED cell, injected positive (holes) and
negative (electron) charges may recombine in the emissive
layer and create electroluminescent light.

[0004] Organic electroluminescence was first observed and
studied in the 1960°s U.S. Pat. No. 3,172,862 (Gurnee). In the
1980’s, a double-layer structure for an OLED was disclosed
by Tang (U.S. Pat. No. 4,356,429 ('Tang); C. W. Tang et al.,
Appl. Phys. Lett. 51, 12: 913 (1987)). The discovery was
based at least 1n part on employing a multilayer structure
including an emitting layer and a hole transport layer of a
suitable organic substrate. Alg, (q=deprotonated 8-hydrox-
yquinolinyl) was chosen as the emitting material and was
shown to provide relative advantages. For example, 1t may
form relatively uniform thin films under 1000 A using
vacuum deposition. It 1s also a good charge carrier and 1t
exhibits strong fluorescence. A conducting polymer-based
OLED or PLED (polymer light-emitting device) was dis-
closed shortly after that by Friend at Cambridge University
(Friend, WO Patent 90/13148 (Friend); U.S. Pat. No. 5,247,
190 (Friend).

[0005] Since then, research on OLEDs and materials used
in these devices has continued. OLED technology may be
gaining marketplace acceptance, as suggested 1n a commer-
cial report by Stanford Resources (http://www.stanfor-
dresources.com), for example. OLEDs provide several
advantages including: (1) low operating voltage; (2) thin,
monolithic structure; (3) emitting light, rather than modulat-
ing light; (4) good luminous efliciency; (5) full color poten-
tial; and (6) high contrast and resolution. These advantages
suggest possible use of OLEDs 1n flat panel displays.

[0006] One aspectrelated to the operation of an OLED 1s an
organic luminophore or organometallic luminophore. An
exciton, which includes a bound, excited electron and hole
pair, may be generated inside an emitting layer (EL). IT the
exciton’s electron and hole combine, a photon (visible light)
may be emitted. To create excitons, an emitting layer (EL)
may be sandwiched between electrodes of differing work
functions. Electrons may be injected into one side from a
metal cathode (e.g., Aluminium (Al), calcium (Ca), Magne-
sium-Silver alloy (Mg—Ag) are common cathode materials)
via a electron transporting layer (ETL), while holes may be
injected in the other side from an anode (e.g., Indium tin oxide
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(ITO) 1s acommon transparent anode) via a hole transporting
layer (HTL). The electron and hole may move into the emut-
ting layer (EL) and may meet to form an exciton. An elec-
troluminescent material i the emitting layer (EL) may be
present 1n a separate emitting layer between the ETL and the
HTL 1n what 1s referred as a multi-layer heterostructure. One
possible embodiment of a basic heterostructure of an OLED
1s shown by a schematic diagram in FIG. 1, for example.

[0007] A major challenge in OLED manufacture 1s tuning a
device such that a balancing number of holes and electrons
meet 1n the emitting layer. This 1s difficult because, 1n an
organic compound, the mobility of an electron 1s lower than
that of a hole. In general, an exciton may be in one of two
states, a singlet state (25%) or a triplet state (75%). Matenals
employed 1n an emissive layer are typically organic fluoro-
phors, which emit light 1f a singlet exciton forms. However,
by incorporating transition metals into a small-molecule
OLED, the triplet and singlet states may be mixed by spin-
orbit coupling, which may lead to emission from the triplet
state. Triplet (phosphorescent) emitters can be four times
more efficient than singlet emaitters (S. R. Forrestetal., Nature
395: 131 (1998); H. Yersin, Top. Curr. Chem. 241: 1 (2004)).
In some cases, buller layers and/or other functional layers
may also be incorporated to improve the performance of the
device. Likewise, OLEDs 1n which the electroluminescent
emitters are the same materials that function either as an ETL
or a HTL may be referred to here as single-layer heterostruc-
tures.

[0008] In addition to emissive materials that are present as
the predominant component located between a hole trans-
porting layer (HTL) and an electron transporting layer (ETL),
another efficient luminescent material may be present 1n rela-
tively low concentrations as a dopant in these layers to realize
color tuming and efficiency improvement. If a dopant 1is
present, the predominant material 1n the charge carrier layer
may be referred to as a host. Matenials as hosts and dopant
may be matched so as to have a relatively high level of energy
transier from the host to the dopant, and to yield emission
with a relatively narrow band centered near a selected spectral
region with relatively high-efficiency and relatively high-
brightness. The quantum efficiency of an electrofluorescence
device 1s typically limited by the low theoretical ratio of
singlet exciton (25%) compared to triplet exciton (75% ) upon
clectron-hole recombination from electrical excitation. In
contrast, if phosphorescent emitters are employed, the poten-
tially for relatively high energy/electron transfer from a host
to a phosphorescent emitters may result 1n improved elec-
troluminescent efliciency (S. R. Forrest et al., Nature 395:
151 (1998); Y. G. Ma et al., Synth. Met. 94: 245 (1998)).
Several phosphorescent OLED systems have been fabricated
and have been demonstrated to be of relatively high-effi-
ciency and relatively high-brightness.

[0009] OLEDs may be fabricated using materials that pro-
vide electrophosphorescent emission corresponding to one of
the three primary colors, that 1s, red (R), green (G) and blue
(B) so thatthey may be used as a component layer in full-color
display devices, for example. Such materials may also be
capable of being deposited as thin films using vacuum depo-
sition techniques, which 1s a common method for OLED
fabrication, so that the thickness of the emitting layer may be
precisely controlled. Improved methods of fabricating
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OLEDs and methods of making luminescent materials that
may be employed in OLEDs continue to be sought.

SUMMARY OF THE INVENTION

[0010] An organometallic complex comprising:

an extended m-conjugated tridentate ligand having a platinum
center, wherein the ligand comprises an extended m-conju-
gated tridentate ligand having one of the following structures:

R,
R N R3
N/
Extended Extended
Nitrogen Aromatic | OF
Heterocyclic System
System N
II
Rs
R4\

Extended
Nitrogen
Heterocyclic
System A N

Extended
Nitrogen
Heterocyclic

N System B

[0011] wherein R, -R, are independently hydrogen halogen
hydroxyl an unsubstituted alkyl, a substituted alkyl,
cycloalkyl, aryl, acyl, alkoxy, acyloxy, amino, acylamino,
aralkyl, cyano, carboxyl, thio, styryl, aminocarbonyl, car-
bamoyl, aryloxycarbonyl, phenoxycarbonyl, or an alkoxycar-
bonyl;

[0012] whereinthe R1-R6 substituents form a ring together
with the group on which they are substituted; and

[0013] wheremn the extended nitrogen heterocyclic aro-
matic systems and the extended aromatic systems comprise
fused ring systems including at least two aromatic and/or
heterocyclic aromatic rings tused together.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Other objects, features, and advantages of the mnven-
tion may be understood by reference to the following detailed
description of the preferred embodiment, taken together with
the accompanying drawings, in which:

[0015] FIG. 1 1s a schematic diagram of an embodiment of
a basic hetero-structure OLED:;

[0016] FIG. 2 1s a schematic diagram illustrating an
embodiment of a multi-layer hetero-structure OLED);

[0017] FIG. 3 1s a schematic diagram illustrating an
embodiment of a device structure of a WOLED:

[0018] FIG. 4 1s a schematic diagram illustrating an X-ray
structure for an embodiment of an organic complex, here
complex 1;

[0019] FIG. 5 1s a schematic diagram illustrating an X-ray
structure for an embodiment of a complex, here complex 3;

[0020] FIG. 61saplotofaUV-visible spectrum for embodi-
ments of complexes, here complexes 1-4 in CH,Cl, solution;
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[0021] FIG.71saplotofaUV-visible spectrum for embodi-
ments of complexes, here complexes 5-6 1n DMF solution;
[0022] FIG. 8 1s a plot of photo-luminescent spectra for
embodiments of complexes, here complexes 1-6 in CH,(Cl,
and DMF solution;

[0023] FIG. 9 1s a plot of solid-state photo-luminescent
spectra for embodiments of complexes, here complexes 1-6 at
298 K;

[0024] FIG. 10 1s a plot of thermo-grams for example

embodiments of complexes, here complexes 1-6;
[0025] FIG. 11 1s a plot of an EL spectrum for OLED A;

[0026] FIG.121saplotofJ-V-B relationships for OLED A;
[0027] FIG. 13 1s a plot of external quantum efficiency-
current density and power efliciency-current density relation-
ships for OLED A;

[0028] FIG. 14 15 a plot of an EL spectrum for OLED B;
[0029] FIG.151saplotof J-V-B relationships for OLED B;
[0030] FIG. 16 1s a plot of external quantum efficiency-
current density and power efliciency-current density relation-
ships for OLED B;

[0031] FIG. 17 1s a plot of an EL spectrum for OLED C;
[0032] FIG. 181saplotof J-V-B relationships for OLED C;
[0033] FIG. 19 1s a plot of external quantum efficiency-
current density and power elliciency-current density relation-
ships for OLED C;

[0034] FIG. 20 1s a plot of an EL spectrum for WOLED A;
[0035] FIG. 21 1s aplot of J-V-B relationships for WOLED
A
[0036] FIG. 22 1s a plot of external quantum efficiency-
current density and power elliciency-current density relation-

ships for WOLED A;

[0037] FIG. 23 1s a plot of an EL spectrum for WOLED B;
[0038] FIG. 2415 aplot of J-V-B relationships for WOLED
B.

[0039] FIG. 25 1s a plot of external quantum efficiency-

current density and power elliciency-current density relation-
ships for WOLED B;

[0040] FIG. 26 1s a flow chart of one embodiment of a
procedure for preparing a light-emitting device;

[0041] FIG. 27 1s a schematic diagram illustrating an
embodiment of a multi-layer hetero-structure OLED;

[0042] FIG. 28 1s a flow chart of another embodiment of a
procedure for preparing a light-emitting device; and

[0043] FIG. 29 15 a schematic diagram 1llustrating another
embodiment of a multi-layer hetero-structure OLED.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0044] Recently, electro-phosphorescent materials with
different color emissions have been disclosed. Thompson et
al. at the Unmiversity of Southern California and Forrest et al.
at Princeton University jointly reported a family of iridium
complexes exhibiting improved brightness and elliciencies

(S. R. Forrest et al., U.S. Pat. No. 6,515,298 (2001); U.S. Pat.
Appl. Publ. No. 20020182441 (2002) and J. Am. Chem. Soc.,
123: 4304 (2001). Another class of phosphorescent materials
includes compounds having interactions between metal
atoms having d'° electron configuration, such as Au ([LI-
dppm)Cl, (dppm=bis(diphenylphosphino)methane) (Y. Ma
ct al., Appl. Phys. Lett. 74: 1361 (1998)). Recently, Che has
demonstrated the use of metal organic complexes, such as (1)
platinum(Il) (/norg. Chem., 44,13: 4442 (2005); Chem. Com-
mun., 1408 (2003); Chem. Commun., 2512 (2004); Chem.
Commun., 1484 (2004); J. Am. Chem. Soc. 126, 15: 4938




US 2008/0309227 Al

(2004); Chem. Fur. J, 9: 1263 (2003) and Chem. Commun.,
206 (2002)), (2) copper(l) (New J. Chem., 263 (1999)), (3)
ogold(I) (Appl. Phys. Lett., 74: 1361 (1999)), and (4) zinc(II)
complexes (Chem. Commun., 2758 (2004); Adv. Mater.,
15:1643 (2003); Chem. Commun., 2101 (1998) and Chem.
Commun., 2491 (1998)), as OLED matenals. For example,
Che demonstrated that cyclometallated Pt(I1) complexes may
be desirable for OLED applications at least in part due to their
relative stability and brightness. For example, emission of
light may be changed by varying the structure of the nitrogen-

heterocycle ligands to achieve yellow and red electrolumi-
nescence (C. M. Che et al., U.S. Pat. No. 7,026,480 B2

(2006); U.S. Pat. Appl. Publ. No. 2005244672 (2005); U.S.
Pat. Appl. Publ. No. 2005233167 (2005); U.S. Pat. Appl.
Publ. No. 20030205707 and references cited therein).

[0045] Although various phosphorescent metal complexes
(such as, for example, Ir, Pt, Au, Cu and Zn, etc.), have been
described as useful in an EL device, extended m-conjugated
metal-based organometallic complexes have not been exam-
ined extensively. Recently, Che reported unmique photo-lumi-
nescent properties of a series of neutral Platinum(Il) com-
plexes that included extended m-conjugated cyclometalated
ligands (J. Am. Chem. Soc. 128, 25: 8297 (2006)). This result
implied that extended m-conjugated cyclometalated ligand
systems may provide organometallic Pt(II) complexes for use
in phosphorescent materials that will exhibit useful light
€missions.

[0046] White organic light-emitting devices (WOLEDs)
are ol interest at least in part because they may be used for
tull-color flat-panel displays with color filters, and as an
alternative lighting source (C. W. Ko et al., Appl. Phys. Lett.
79: 4234 (2001); J. Kido et al., Science, 267: 1332 (1995); K.
O. Cheon et al., Appl. Phys. Lett. 81: 1738 (2002)). Among
the reported WOLEDs, electro-phosphorescent WOLEDs
may be attractive at least 1n part due to their relatively high
quantum and relative power elliciency. In comparison with
their fluorescent counterparts that harvest singlet excitons,
phosphorescent OLEDs are able to harness both singlet and
trlplet excitons generated by eleetrleal injection, correspond-
ing to a four-fold increase 1n efficiency compared to that
achievable 1n singlet-harvesting fluorescent OLEDs (M. A.
Baldo et al., Nature, 395: 151 (1998)). An electro-phospho-
rescent WOLED was first demonstrated by Thompson and
Forrest et al., and 1t was a multiple layer architecture with
three separate emission regions (B. W. D’ Andrade et al., Adv.
Mater. 14: 147 (2002)). Three phosphorescent materials, bis
(4,6-di-fluorophenyl)-pyridinato-N,C?) iridium (picolinate)
[Flr(pic)], bis(2-(2'-benzo[4,5-a]thienyl)pyridinato-N,C>)
iridium (acetylacetonate) [Btp,Ir(acac)] and bis(2-phenyl-
benzothiozolato-N,C*)  iridium(acetylacetonate) [Bt,Ir
(acac)] were used as blue, red and vellow light sources,
respectively, doped into a 4,4'-N,N'-dicarbazole-biphenyl
(CBP) host. The device made frem these materials exhibited
a maximum external quantum efficiency of 5.2%. Following
this work, Tokito et al. reported a high efficiency electro-
phosphorescent WOLED with two separate emission regions
(S. Tokato et al., Appl. Phys. Lett. 83: 2459 (2003)). Bis(2-(3,
5-bistrifluoromethyl-phenyl)-pyridinato-N,C?) iridium (pi-
colinate) [(CF;ppy),Ir(pic)] was used as a greenish-blue
source, and [Btp,Ir(acac)] as a red source to achieve a bal-
anced white light emission. By adjusting doping concentra-
tion and thickness of the emissive layers, white light emission
with maximum external quantum efficiency of 12% was
achieved at a relatively low current density. To further

Dec. 18, 2008

improve eificiency and simplity device structure, Thompson
and Forrest et al. employed a triple doped emissive layer to
achieve efficient white light emissions (B. W. D’ Andrade et

al., Adv. Mater. 16: 624 (2004)). Still, blue, red and yellow
dopants ([Fir(pic)], [Btp,Ir(acac)] and [Bt,Ir(acac)], respec-
tively) were co-doped 1into a wide energy gap p-bis(triphenyl-
silyl)benzene (UGH2) host. By reducing the thickness of the
emissive layer and confining charge and excitons, this device
demonstrated a maximum external quantum efliciency of
12%, and a maximum power efficiency of 26 Im W'.
Although phosphorescent WOLEDs have shown good per-
formance, experiments have shown that blue electro-phos-
phorescent devices may exhibit short operational lifetimes
that may limit color stability of an all-phosphor-doped
WOLED (Y. ]. Tung et al., Proc. Soc. Infor’m Display, 35: 48
(2004)). Furthermore, usmg multlple emissive dopants may
lead to differential aging of the various chromophores. An
undesired shift in color coordinates as the device ages may
result. In addition, 1n comparison with their fluorescent coun-
terparts, WOLEDs employing phosphorescent blue dopants
excited via a conductive host may introduce an approximately
0.8 ¢V exchange energy loss in power efficiency. To over-
come these shortcomings, more recently, Forrest’s group pro-
posed a WOLED architecture based at least in part on phos-
phorescent/fluorescent material (Y. Sun et al., Nature, 440:

908 (2006)). A fluorescent emitting dopant was suggested to
harness electrically generated high energy singlet excitons
for blue emission, and phosphorescent dopants were sug-
gested to harvest low-energy triplet excitons for green and red
emission. A relatively high external quantum efficiency of
11% was obtained.

[0047] Embodiments of extended m-conjugation platinum
(II) complexes and their derivatives are disclosed that may be
employed to produce light-emitting matenals. Likewise, such
light-emitting materials may be employed 1in a variety of
devices, including, OLEDs, for example, although claimed
subject matter 1s not limited 1n scope in these previously
mentioned two respects, ol course. In one particular example,
for example, extended mt-conjugation platinum(Il) complexes
and their derivates may have their chemical and/or physical
properties (including their photophysical properties) modi-
fied by employing ligands 1n a manner described in more
detail below. For example, [(R—CNN)PtCl] type complexes
may be employed as light-emitting materials. Such com-
plexes are discrete organometallic molecules 1n nature, may
be deposited as a thin layer by vacuum deposition, and may
operate as emitters and/or maternals for a variety of devices.
Such devices may include, without limitation, electrolumi-
nescent (EL) devices (including organic light-emitting
devices (OLEDs), white organmic light-emitting devices
(WOLEDs)), photovoltaic cells, field-effect transistors, sen-
sors, lasers as well as non-linear optical materials (NLO),
and/or the like. For example, organometallic light-emitting
materials disclosed herein, such as extended m-conjugation
platinum(Il) complexes and their dertvates, may be incorpo-
rated 1n flat panel displays, full-color flat-panel displays with
color filters, lighting sources, and/or a variety ol other
devices.

[0048] As another example, organometallic light-emitting
materials are disclosed which may be used as emitters or
dopants 1n OLEDs and WOLEDs. More specifically, but
without limitation, the design, synthesis, properties and
applications of a family of emitters 1s disclosed which, 1f
added 1n effective amounts to a suitable host material, includ-
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ing emissive compounds, electron transporting compounds
and hole transporting compounds, may tune color emissions
within the visible color range and may enhance device effi-
ciency and brightness. Additionally or alternatively, the ther-
mal stability of these emitters may be suflicient to allow
sublimation, so that they may be readily incorporated into
devices using vacuum deposition techniques. Therefore, as an
example, EL devices prepared from vacuum-deposited mate-
rials may be realized.

[0049] The emitters described herein may comprise, with-
out limitation, platinum(Il) complexes with chemical struc-
tures of Structure I and/or Structure II as follows:

Structure I
R;
R )\ R
N ‘ S 3
\N//

Extended Extended

Nitrogen , Aromatic
Heterocyclic System

System
N Pt
L
Structure 11
Rs
R4\ s ‘ Re
\
Extended Extended
Nitrogen Nitrogen
Heterocyclic Heterocyclic
System A System B
N Pt N

[0050] For this particular example embodiment, R,-R
comprise substituents independently selected from the group
ol substituents consisting essentially of hydrogen; halogen;
hydroxyl; unsubstituted or substituted alkyl group, cycloalkyl
group, aryl group, acyl group, alkoxy group, acyloxy group,
amino group, acylamino group, aralkyl group, cyano group,
carboxyl group, thio group, styryl group, aminocarbonyl
group, carbamoyl group, aryloxycarbonyl group, phenoxy-
carbonyl group, and alkoxycarbonyl group. Likewise, for this
embodiment, the substituents together with the group on
which they are substituted may form a ring with the substitu-
ents being the listed above hydrogen, halogens and hydroxyl
groups, as well as recognized donor and acceptor groups.
Extended nitrogen heterocyclic aromatic systems and
extended aromatic systems may comprise fused ring systems
including at least two aromatic and/or heterocyclic aromatic
rings fused together. Further, L. here may represent a ligand
atom or molecule bearing a negative charge. In the L-M metal
bond, where M represents the metal atom of the organome-
tallic complex, more of the electron density 1s localized on L,
the ligand; the L-M bond may be 1onic or covalent 1n charac-
ter. For example, L may represent a halogen atom that 1s
fluoride, chloride, bromide, or 10dide. L. may also be chosen
so that it forms a carbon metal bond 1n the organometallic
complex; for example, L may represent a cyanide group, an
aryl group, an substituted aryl group, a cyclopenthenyl group,
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a vinyl group, an allyl group, an alkyl group, an acetylide
group (e.g., containing alkyl, aryl, substituted aryl, and tri
(alkyl)silky on the acetylide group). L may also represent R'E,
where E forms a bond to the metal (Pt or Pd) and where E
represents N, O, S, or Se and R' represents a substituent (e.g.,
an aryl group or an alkyl group or a carbonyl group or sulionyl

group).

[0051] As summarized above, organometallic complexes
may comprise, for example, platinum. In one particular
example, the oxidation state of platinum metal may comprise
+2. In such a situation, the metal may form a complex with an
extended m-conjugation tridentate ligand. An extended
m-conjugation tridentate ligand in this context may, for
example, comprise a ligand molecule that coordinates to the
metal through two nitrogen donor bonds and a carbon bond.
The tridentate ligand may therefore bear a formal negative
charge localized at the site of a metal-carbon bond. As a
multidentate-ligand forms a ring system with a central metal
atom 1n a platinum(Il) complex, for example, the ligand may
be said to be cyclometallated. Examples of suitable -conju-
gation tridentate ligands, without limitation, may be repre-
sented by Ligand I and Ligand I1, as follows:

Ligand I
R;
R3
FExtended
Nitrogen ETESES
Heterocyclic System
System N
Ligand II

Extended
Nitrogen
Heterocyclic
System A N

Extended
Nitrogen
Heterocyclic

N System B

[0052] In this example embodiment, R, -R may comprise
substituents independently selected from the group of substi-
tutents consisting essentially of hydrogen; halogen;
hydroxyl; unsubstituted or substituted alkyl group, cycloalkyl
group, aryl group, acyl group, alkoxy group, acyloxy group,
amino group, acylamino group, aralkyl group, cyano group,
carboxyl group, thio group, styryl group, aminocarbonyl
group, carbamoyl group, aryloxycarbonyl group, phenoxy-
carbonyl group, and alkoxycarbonyl group. In this particular
embodiment, the substituents together with the group on
which they are substituted may form a ring with the substitu-
ents being the listed above hydrogen, halogens and hydroxyl
groups, as well as recognized donor and acceptor groups.

[0053] Furthermore, an extended nitrogen heterocyclic
system may comprise fused ring systems including at least
two nitrogen heterocyclic aromatic rings fused together.
Examples include, but are not limited to the following:
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-continued

Ry /Y/

Ry

[0054] In this exemplary embodiment, R-R,, may com-
prise substitutents independently selected from the group of
substituents consisting essentially of hydrogen; halogen;
hydroxyl; unsubstituted or substituted alkyl group, cycloalkyl
group, aryl group, acyl group, alkoxy group, acyloxy group.,
amino group, acylamino group, aralkyl group, cyano group.,
carboxyl group, thio group, styryl group, aminocarbonyl
group, carbamoyl group, aryloxycarbonyl group, phenoxy-
carbonyl group, and alkoxycarbonyl group. The substituents
together with the group on which they are substituted may
form a ring with the substituents being the listed above hydro-
gen, halogens and hydroxyl groups, as well as recognized
donor and acceptor groups.

[0055] Furthermore, for this exemplary embodiment, an
extended aromatic system may comprise fuse ring systems
including at least 2 aromatic and/or heterocyclic aromatic
rings fused together. Examples may include, but are not lim-
ited to the following:
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-continued

Ry

Roo

Ny

[0056] For this exemplary embodiment, R, -R,, may com-
prise substituents independently selected from the group of
substitutents consisting essentially of hydrogen; halogen;
hydroxyl; unsubstituted or substituted alkyl group, cycloalkyl
group, aryl group, acyl group, alkoxy group, acyloxy group,
amino group, acylamino group, aralkyl group, cyano group,
carboxyl group, thio group, styryl group, aminocarbonyl
group, carbamoyl group, aryloxycarbonyl group, phenoxy-
carbonyl group, and alkoxycarbonyl group. Likewise, for this
exemplary embodiment, the substituents together with the
group on which they are substituted may form a ring with the
substituents being the listed above hydrogen, halogens and
hydroxyl groups, as well as recognized donor and acceptor
groups.

[0057] Representative examples of the ligands based at
least 1 part on Ligand I are shown below.

Ligand 1
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Ligand 2
B
N /
Ligand 3
B
F \Nf/ AN
\ N /
Ligand 4
AN
P
Ligand 5
X
P
Ligand 6
‘ v X
N / /

[0058] Furthermore, one embodiment of a method for
elfectively preparing the ligands in the representative
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examples 1s described below. Preparation of these ligands,
however, 1s not limited to these examples.

[0059] For example, ligands 1-8 may be prepared based at
least in part on a modification of the procedure described 1n P.
S. Kendurkaretal.,J. Chem. Eng. Data, 19: 184 (1974). Here,
a mixture of 1-(2-oxo0-2-(3'-1soquinolinyl)ethyl)pyridinium
10odide, 3-dimethylamino-1-(2'-naphthyl)-propanone hydro-
chloride salt (for Ligand 1) or the corresponding c.,punsat-
urated ketone (for Ligands 2-8) and excess ammonium
acetate 1n methanol (100 mL) was heated for 24 hours and
resulted 1n Ligands 1-8. The crude product that was produced

by this approach was filtered from the solution mixture,
washed with water and cold methanol, and purified by col-
umn chromatography (silica gel, n-hexane/CHC1,=9:1 as
cluent).

[0060] In another example, 3-acetylisoqulinoline was pre-
pared from 3-hydroxyisoqulinoline using a Heck reaction, as
described 1n I1.Y. Legros et al., Tetrahedron 57: 2507 (2001),
for example. 1-(2-0x0-2-(3'-1soquinolinyl)ethyl)pyridinium
iodide was prepared by heating 3-acetylisoqulinoline with
excess 12 i pyridine for 2 hours (R. G. Pearson, J. Am. Chem.
Soc. 69,3100 (1947); L. C. King et al., J. Am. Chem. Soc. 70,
239 (1948)). 3-dimethylamino-1-(2'-naphthyl)-propanone
hydrochloride salt was synthesized by refluxing 2-acetyl-
naphthalene, paratformaldehyde and dimethylamine hydro-
chloride 1n the presence of conc. HCI 1n 93% ethanol for 24
hours (F. F. Blicke et al., J. Am. Chem. Soc. 64, 451 (1942)).
a,p-unsaturated ketone was prepared according to the
approach described 1n, for example, (G. W. V. Cave et al., J.
Chem. Soc., Perkin Trans. 1, 3258 (2001); F. Neve et al.,

Inorg. Chem. 36, 6150 (1997)).

[0061] Representative examples of the platinum(II) com-
plexes (Complexes 1-8) based at least in part on Structure I
and Structure II are shown below:

Complex 1
‘ X
F NG ‘ N X
N L N NF
Cl
Complex 2
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Complex 3
‘ X
F
‘ X
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N | N ANF
Cl
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P
Cl
Complex 5
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F
‘ X
PP ) e N~
Cl
Complex 6

/

\

[0062] Although claimed subject matter 1s not limited 1n
this respect, one embodiment of a method for effectively
preparing neural, mononuclear platinum(Il) complexes with
corresponding Ligands 1-8 1in the representative examples 1s
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described below. For example, a mixture of potassium tetra-
chloroplatinate (K,PtCl,) and the corresponding Ligand, 1n
glacial acetic acid 1s refluxed for 24 hours to provide Com-
plexes 1-8 1n a yellow suspension. The yellow solid 1s washed
with water and acetone, and recrystallized in CH,Cl, (for
Complexes 1, 3 and 4) or DMF (for Complexes 2 and 5-8).
Reaction I below, for example, illustrates the use of acetic
acid as a solvent in forming neural, mononuclear platinum(II)
complexes for this particular embodiment.

‘ K> PtCly/
/ glacial acetic acid
\N/ N Reflux g
Extended Extended
Nitrogen Aromatic
Heterocyclic Svstem
System £y C !

Extended Extended
Nitrogen Aromatic
Heterocyclic System
System N Dy O

[0063] In one embodiment, for example, a tridentate
ligand-bearing organometallic complex may be incorporated
into a main polymer chain which may be use as emitting
material 1n polymer light emitting device (PLED). In one
embodiment, for example, a light-emitting layer of a OLED
and WOLED device may comprise a host material and one or
more guest materials for emitting light. At least one of the
guest materials may include an organometallic complex com-
prising a platinum(Il) complex of Structure I or Structure II.
In such an embodiment, light-emitting guest material(s) may
be present 1n an amount less than the amount of host materials
and may typically be present 1n an amount between 1 to 20 wt
% of the host. For convenience, the organometallic complex
guest material may be referred to herein as an EL material. An
EL material of Structure I or Structure 11 may have a molecu-
lar weight below 1000, but 1t may also comprise an oligomer
or a polymer having a main chain or a side chain of repeating
units having the moiety represented by Structure I or Struc-
ture II. It may be provided as a discrete maternal dispersed in
the host material, or it may be bonded in some way to the host
material such as, covalently bonded into a polymeric host, for
example.

[0064] OLEDs, as an example, using the EL. materials
described herein, may possess the example embodiment
multi-layer heterostructure shown in FI1G. 2. This 1s merely an
example. However, SEL materials with Structure I or Struc-
ture II may possess relatively high PL quantum yield and
thermal stability, yet they may be sublimed in a vacuum.
These properties render them suitable for applications 1n

OLED:s.
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[0065] Forexample, an OLED was prepared on a patterned
indium-tin-oxide (ITO) glass with a sheet resistance of 20€2/
. Thermal vacuum deposition of the materials was carried
out sequentially under a vacuum of 1x107° torr in a thin film
deposition system (here, a MBraun three-glove boxes system
integrated with an Edwards Auto 306 and spin coater instru-
ment). NPB (IN,N'-di-1-naphthyl-N,N'-diphenyl-benzidine)
was used as a hole transporting layer and Alqg, (tr1s(8-quino-
linolato)aluminum or BAlq, (Bis(2-methyl-8-quinolinolato)
(4-phenylphenolato)aluminum) was used as an electron
transporting layer. BCP (2,9-dimethyl-4,7-diphenyl-1,10-
phenanthroline, bathocuproine) was used to confine excitons
within the luminescent zone. Aluminum was applied as the
cathode. Selected phosphorescent Pt(II) materials were
doped 1nto a conductive host material CBP (4,4'-N,N'-dicar-
bazole-biphenyl) as a phosphorescent emitter. Doping levels
were adjusted between 1 to 6% and electroluminescence from
the Pt(II) complexes was observed. The devices were encap-
sulated using anodized aluminum caps and their performance
was examined using Photoresearch PR-650. The current-
voltage characteristics were studied using a Keithley 2400
sourcemetetr.

[0066] In another particular example, an OLED, here

referred to as OLED A, employing Complex 1, had the fol-
lowing configuration: ITO/NPB (70 nm)/CBP: Complex 1,
3%, (30 nm)/BCP (15 nm)/Alq; (30 nm)/LiF (0.3 nm)/Al
(130 nm). OLED A was observed to be yellow-green light
emitting with CIE coordination at 0.37, 0.38; strong emission
was observed with peak maxima at 532 and 570 nm and with
a shoulder at ~610 nm. A brightness of 1 cd m™* was obtained
at 5 V. The maximum brightness of 37400 cd m™> was
achieved at 20V, and the maximum current efficiency of 15.4
cd A~" was reached at 0.2 mA cm™. The peak external quan-

tum efficiency of OLED A was achieved at 14%.

[0067] Inanother example, OLEDs B and C were prepared
in the following configuration: ITO/NPB (40 nm)/CBP:

Complex 4, X %, 30 nm)/BAlg, (10 nm)/Alg; (30 nm)/LiF
(0.1 nm)/Al (200 nm), where for OLED B (X=1%) and for
OLED C (X=3%). These devices were also observed as emit-
ting vyellowish green light with similar CIE coordinates
(OLED B: 0.36, 0.54; OLED C, 0.38, 0.55). The EL A__ .
(540, 592 nm with a shoulder at ~640 nm) 1s independent of
the doping concentrations for Complex 4. OLED B gave a
brightness of 1 cd m™ at 5V, and a maximum current effi-
ciency of 12.5 cd A~ was obtained at 1.8 mA cm™2, and the
efficiency was attained at 5 cd A™" if the current density was
increased to 600 mA cm™*. A maximum brightness of 63000
cd m~* was achieved at 20 V; this is higher than those yellow
to yellowish green OLEDs employing the 6-phenyl-2,2'-bi-
pyridyl parent congener, [(C'N'N)PtR] (maximum lumi-
nance=7800 cd m™>, A =564 nm; Chem. Commun., 206
(2002)), [Pt(N,O,)] (4480 c¢d m~>, CIE x=0.42, y=0.56,
Chem. Fur. J. 9: 1263 (2003)), Pt Schiif base complexes
(23000 cd m~>, CIE x=0.48, y=0.52, Chem. Commum., 1484
(2004)), [(O'N"N)PtCl] ((O'N"N)=derivatives of 6-(2-hy-
droxy-phenyl)-2,2'-bipyridyl, maximum luminance=37000
cd m™*, CIE x=0.48, 0.51, Inorg. Chem., 44: 4442 (2005)),
[(X-bt)Pt(acac)] (11320 cd m™ at 14 V, CIE x=0.47, 0.51,
X-bt=substituted 2-phenylbenzothiazolato, X=H or F,
acac=acetylacetonate, Polyhedron, 24: 881 (2005)), [Pt(N N)
,] ((N"N)=3-trifluoromethyl-5-(2-pyridyl)pyrazole, maxi-
mum luminance=41000 cd m~=, CIE x=0.42, y=0.53, Inorg.
Chem., 45:137 (2006)) and other non-Pt emitters as dopants
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(Chem. Mater., 13: 456 (2001); Synth. Met., 139: 671 (2003);
J. Am. Chem. Soc., 123: 4304 (2001)).

[0068] As another example, White Organic Light-emitting
devices (WOLEDs) using the phosphorescent materials
described herein may possess the example embodiment
multi-layer heterostructure shown 1n FIG. 3. Organometallic
complexes of Complex 1 may possess relatively high PL
quantum yield and thermal stability, yet they may be sub-
limed 1n a vacuum. Organic layers were deposited by high-
vacuum (10~° Torr) thermal evaporation onto a cleaned glass
substrate pre-coated with transparent, conductive indium tin
oxide (ITO). A 30 nm-thick film of NPB served as a hole-
transporting layer (HTL). A 10 nm-thick light-emitting layer
(EML) comprising a CBP host was deposited while being
doped with different wt.-% Complex 1 or Complex 6. The
doping level was controlled by the deposition rates. Introduc-
tion of such a thin layer 1s to reduce operational voltage. A 2
nm thick layer of DNA was used as a blue light emission layer
and a 4 nm thick layer of BCP was used to confine excitons 1n
the EML. A 30 nm-thick layer of tris-(8-hydroxy-quinoline)
aluminum (Alg3) was used to transport and 1nject electrons
into the EML. A shadow mask with a 3x3 mm~ opening was
used to define the cathode comprising a 0.3 nm-thick layer of
L1F and a 130 nm thick aluminum cap.

[0069] In addition, a relatively high efficiency white
organic light-emitting device (WOLED) has been demon-
strated with phosphorescent/fluorescent dual emitting layer.
By employing a fluorescent host DNA as a blue-emitting
source and a Pt(II) complex, Complex 1 (3%-wt in CBP), as
a yellow-green light source, a balanced white light emission
was obtained. WOLED A shows a maximum brightness of
38200 cd m™= at 15.5 V with CIE coordination at 0.33, 0.39.
The peak external quantum eificiency and current efficiency
are 11%, and 12.6 Im W', respectively. At the benchmark
brightness of 100 cd m™~, the external quantum efficiency and
current efficiency are 10.1% and 10.6 Im W™, respectively.

[0070] In another embodiment, WOLED B was produced
by employing a fluorescent host DNA as a blue-emitting
source and a Pt(II) complex, Complex 6 (6.3%-wt in CBP), as

a yellow light source, to obtain a balanced white light emis-
sion. WOLED B shows a maximum brightness of 24900 cd

m  at 13.5 V with CIE coordination at 0.32, 0.35. The peak
external quantum efliciency and current efficiency are 4.01%,
and 4.25 Im W™, respectively. At the benchmark brightness
of 1210 cd m™>, the external quantum efficiency and current
efficiency are 3.36% and 2.66 Im W™, respectively.

[0071] Referring to FIG. 26, a flow diagram 1s provided to
illustrate an example embodiment of a procedure to prepare a
light-emitting device. As illustrated, procedure embodiment
2600 starts at 2602 1n which a substrate may be employed. At
2604, a first electrode may be deposited over the substrate. At
2606, a hole transporting layver may be deposited over the first
clectrode. At 2608, at least one emissive layer may be depos-
ited over the hole transport layer. The emissive layer may
comprise at least one host material and/or one emitting/
dopant complex. The emitting/dopant complex of the emis-
stve layer may comprise an organometallic complex, for
example, as disclosed herein, such as an extended m-conju-
gated tridentate ligand and a platinum center, for example. At
2610, a hole blocking layer may be deposited over the emis-
stve layer. At 2612, an electron transporting layer may be
deposited over the hole blocking layer. At 2614, a second
clectrode may be deposited over the electron transporting
layer. Procedure embodiment, 2600, as described above may
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be utilized, for example, to prepare a light-emitting device,
such as an embodiment of a multi-layer heterostructure
OLED.

[0072] Referring to FIG. 27, a schematic diagram 1llus-
trates an example embodiment of a multi-layer heterostruc-

ture OLED 2700.

[0073] As shown in FIG. 27, multi-layer heterostructure
OLED 2700 may include a first electrode 2704 deposited over
substrate 2702. A hole transporting layer 2706 may be depos-
ited over first electrode 2704. An emissive layer 2708 may be
deposited over hole transporting layer 2706. Emissive layer
2708 may comprise at least a host material and/or a(n) emit-
ting/dopant complex. The emitting/dopant complex of emis-
stve layer 2708 may comprise an organometallic complex as
disclosed herein, such as an extended t-conjugated tridentate
ligand and a platinum center. A hole blocking layer 2710 may
be deposited over emissive layer 2708. An electron transport-
ing layer 2712 may be deposited over hole blocking layer
2710. A second electrode 2714 may be deposited over elec-
tron transporting layer 2712. Second electrode 2714 may
sandwich hole transporting layer 2706, emissive layer 2708,
hole blocking layer 2710 and electron transporting layer 2712
between first electrode 2704 and second electrode 2714.
Multi-layer heterostructure OLED 2700, as shown 1n FIG. 27,
may be incorporated in a variety of devices such as, for
example, without limitation, flat panel displays, lighting
sources, and/or the like.

[0074] Referring to FIG. 28, a flow diagram 1s provided to
illustrate an example embodiment of a procedure to prepare a
light-emitting device. As 1llustrated, procedure embodiment
2800 starts at 2802 1n which a substrate may be employed. At
2804, a first electrode may be deposited over the substrate. At
2806, a hole transporting layer may be deposited over the first
clectrode. At 2808, at least one emissive layer may be depos-
ited over the hole transport layer. The emissive layer may
comprise at least one host material and/or one emitting/
dopant complex. The emitting/dopant complex of the emis-
stve layer may comprise an organometallic complex, for
example, as disclosed herein, such as an extended m-conju-
gated tridentate ligand and a platinum center, for example. At
2810, a hole blocking layer may be deposited over the emis-
stve layer. At 2812, a blue emissive layer may be deposited
over the hole blocking layer. At 2814, a hole blocking layer
may be deposited over the blue emissive layer. At 2816, an
clectron transporting layer may be deposited over the hold
blocking layer. At 2818, a second electrode may be deposited
over the electron transporting layer. Procedure embodiment,
2800, as described above may be utilized, for example, to
prepare a light-emitting device, such as an embodiment of a
multi-layer heterostructure WOLED, for example.

[0075] Retferring to FIG. 29, a schematic diagram 1llus-
trates an example embodiment of a multi-layer heterostruc-
ture WOLED 2900. As shown in FIG. 29, WOLED 2900 may
include a first electrode 2904 deposited over substrate 2902.
A hole transporting layer 2906 may be deposited over first
clectrode 2904. A first emissive layer 2908 may be deposited
over hole transporting layer 2906. First emissive layer 2908
may comprise at least a host material and/or a(n) emitting/
dopant complex. The emitting/dopant complex of first emis-
stve layer 2908 may comprise an organometallic complex as
disclosed herein, such as an extended mt-conjugated tridentate
ligand and a platinum center, for example. A second hole
transporting layer 2910 may be deposited over emissive layer
2908. A blue emissive layer 2912 may be deposited over hole
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transporting layer 2910. A hole blocking layer 2914 may be
deposited over blue emissive layer 2912. An electron trans-
porting layer 2916 may be deposited over hole blocking layer
2914. A second electrode 2918 may be deposited over elec-
tron transporting layer 2916. Second electrode 2918 may
sandwich hole transporting layer 2906, first emissive layer
2908, second hole transporting layer 2910, blue emissive
layer 2912, hole blocking layer 2914, and electron transport-
ing layer 2916 between first electrode 2904 and second elec-
trode 2918. WOLED 2900, as shown 1n FIG. 29, may be
incorporated 1n a variety of devices such as, for example,
without limitation, flat panel displays, lighting sources, and/
or the like.

EXAMPLES

[0076] A number of example embodiments are provide
below, although 1t 1s not intended that claimed subject matter
be limited to these particular example embodiment.

Example 1

[0077] Example 1 describes the synthesis of Ligand 1 and
complex 1:

(a) The Synthesis Method and Physical Characterizations of
Ligand 1:

10078]

Ligand 1

21

20

[0079] 3-acetylisoqulinoline was prepared from 3-hy-
droxyisoqulinoline using a Heck reaction (J. Y. Legros et al.,
letrahedron 57: 2507 (2001)). 1-(2-0x0-2-(3'-1soquinolinyl)
cthyl)pyridinium 10dide was prepared by heating 3-acetyliso-
qulinoline with excess 12 in pyridine for 2 hours (R. G.
Pearson, J. Am. Chem. Soc. 69,3100 (1947); L. C. King et al.,
J. Am. Chem. Soc. 70, 239 (1948)). 3-dimethylamino-1-(2'-
naphthyl)-propanone hydrochloride salt was synthesized by
refluxing 2-acetylnaphthalene, paraformaldehyde and dim-
cthylamine hydrochloride 1n the presence of conc. HCI 1n
95% ethanol for 24 hours (F. F. Blicke etal., J. Am. Chem. Soc.
64, 451 (1942)).

[0080] Heating 1-(2-ox0-2-(3'-1soquinolinyl)ethyl)pyri-
dinium 1odide (1.00 g, 2.66 mmol), 3-dimethylamino-1-(2'-
naphthyl)-propanone hydrochloride salt (0.70 g, 2.7 mmol)
and ammonium acetate (5.00 g, 64.9 mmol) 1n methanol (100
ml.) for 24 hours gave crude Ligand 1. The crude product was
filtered from the solution mixture, washed with water and
cold methanol, and purified by column chromatography
(silica gel, n-hexane/CHC1,=9:1 as eluent) to atford Ligand 1
as off-white solid. Yield: 0.53 g, 60

[0081] Ligand 1: 'H NMR (300 MHz, CDCl,, 25° C.,
TMS): & 7.5-7.6 (m, 2H; H® and H"), 7.7 (t, J(H,H)=8 Hz,
1H; H*Y), 7.8 (t, °J(H,H)=9 Hz, 1H; H*"), 7.9-8.1 (m, 7H; H°,
H>, H°, H'*, H"”, H” and H*?), 8.4 (dd, *J(H,H)=2 Hz,
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*J(H,H)=10 Hz, 1H; H?), 8.5 (dd, “J(H,H)=1 Hz, *J(H,H)=9
Hz, 1H; H', 8.7 (s, 1H; H'), 9.1 (s, 1H; H**), 9.4 (s, 1H;
H'7): MS (70 eV, EI): m/z: 332 [M*].

(b) The Synthesis Method and Physical Characterizations of
Complex 1:

[0082]
Complex 1
8 10 22
7 = 9‘/\ X 21
6 \ 4\/2 / 20
5 3 19
Cl
[0083] A mixture of K,PtCl, (0.22 g, 0.30 mmol) and

Ligand 1 (0.10 g, 0.30 mmol) 1n glacial acetic acid (100 mL)
was refluxed for 24 hours affording crude Complex 1 in a
yellow suspension. The yellow solid was washed with water
and acetone, and recrystallized in CH,Cl,. Ligand 1 was
isolated as a yellow crystalline solid. Yield: 0.13 g, 80%.
[0084] Complex 1: The X-ray crystal structure for Complex
1 1s depicted in FIG. 4, which shows that the coordinating O,
N, Pt and Cl atoms in Complex 1 are closely co-planar (with
the C1 atom being out of plane by only 3.6°). '"H NMR (400
MHz, d.-DMF, 25° C., TMS): 8 7.4 (t, >J(H,H)=7 Hz, 1H;
H ) 7. S(t 3J(H H)—7Hz 1H; H"), 7.8 (d, *J(H,H)=9 Hz, 1H;
H®), 7.9 (d, J(H,H)=9 Hz, 1H; H>), 8.0 (t, °J(H,H)=7 Hz, 1H;
H*"), 8.1-8.2 (m, 2H; H’ andeD) 8.2-8.3 (m, 2H; Hl4and
H'"), 8.3-8.4 (m, 3H; H'®, H'* and H"?), 8.6 (1, 3J(H H)=8.5
Hz, 1H; H**), 9.2 (s, 1H; H24) 0.8 (s, 1H; H'"); MS (+FAB):
m/z: 562 [M™]; elemental analysis calcd (%) for
C,,H,CIN,Pt (561.9): C, 31.30; H, 2.69; N, 4.99. found: C,
51.10; H, 2.69; N, 4.99.

Example 2

[0085] Example 2 describes the synthesis of Ligand 2 and
Complex 2:

(a) The Synthesis Method and Physical Characterizations of
Ligand 2:

(0086]
Ligand 2
12 \ 14
; 10 O ‘ s 24 2
?/\(\/\ //l 16 ‘ XX 2
XN INFnS
5 3 7 19
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[0087] 3-acetylisoqulinoline was prepared from 3-hy-
droxyisoqulinoline using Heck reaction (J. Y. Legros et al.,
letrahedron 57: 2507 (2001)). 1-(2-0x0-2-(3'-1soquinolinyl)
cthyl)pyridinium 1odide was prepared by heating 3-acetyliso-
qulinoline with excess 12 1n pyridine for 2 hours (R. G.
Pearson, J. Am. Chem. Soc. 69,3100 (1947); L. C. King et al.,
J. Am. Chem. Soc. 70, 239 (1948)). o, p-unsaturated ketone
(tert-butylidene-2-acetonaphthone) was prepared according
to the approach described in G. W. V. Cave et al., J. Chem.
Soc., Perkin Tramns. 1, 3258 (2001); F. Neve et al., Inorg.
Chem. 36, 6150 (1997), for example.

[0088] Heating 1-(2-ox0-2-(3'-1soquinolinyl)ethyl)pyri-
dinium 1odide (0.47 g, 1.3 mmol), tert-butylidene-2-acet-
onaphthone (0.30 g, 1.3 mmol) and ammonium acetate (5.00
g 64.9 mmol) in methanol (100 mL) for 24 hours gave crude
Ligand 2. The crude product was filtered from the solution
mixture, washed with water and cold methanol, and purified
by column chromatography (silica gel, n-hexane/CHC1,=9:1

as eluent) to afford Ligand 2 as off-white solid. Yield: 0.27 g,
55%.

[0089] Ligand 2: 'H NMR (300 MHz, CDCl,, 25° C.,
TMS): 8 1.5 (s, 9H: C(CH.,)), 7.3-7.6 (m. 2H: H® and H7), 7.6
(t. *J(H,H)=8 Hz, 1H: H2"), 7.7 (t. *J(H,H)=8 Hz, 1H; H2°),
7.9 (m, 2H; H> and H'?), 8.0-8.1 (m, 4H; H>, H®, H'” and
H22), 8.4 (dd, *I(H,H)=2 Hz, *J(H.H)=5 Hz, 1H; H?), 8.6 (d,
4J(H.H)=1.6 Hz, 1H; H'*), 8.6 (s, 1H: H'®), 9.1 (s, 1H: H2%)
9.4 (s, 1H: H'7): MS (70 eV, EI): m/z: 388 [M*].

(b) The Synthesis Method and Physical Characterizations of
Complex 2:

10090]

Complex 2

[0091] A muxture of K,PtCl, (1.49 g, 3.58 mmol) and
Ligand 2 (1.39 g, 3.58 mmol) 1n glacial acetic acid (100 mL)
was refluxed for 24 hours affording crude Complex 2 in a
yellow suspension. The yellow solid was washed with water

and acetone, and recrystallized in DMF. Complex 2 was 1s0-
lated as a yellow crystalline solid. Yield: 1.90 g, 85.9%.

[0092] Complex 2: '"HNMR data were not available due to
the low solubility of Complex 2 1n various deuterated sol-
vents. MS (+FAB): m/z: 618 [M™]; elemental analysis calcd
(%) tor C,H,;CIN,Pt (618.0): C, 54.42; H, 3.75; and N,
4.53. tfound: C, 52.74; H, 3.95; and N, 4.60.
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Example 3

[0093] Example 3 describes the synthesis of Ligand 3 and
Complex 3:

(a) The Synthesis Method and Physical Characterizations of
Ligand 3:

[0094] Ligand 3

28

27

A/

26

J

12 14

N\ /[

D

]
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11 15 24 22

/\9‘/\1/ N 16 ‘
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[0095] 3-acetylisoqulinoline was prepared from 3-hy-
droxyisoqulinoline using a Heck reaction (J. Y. Legros et al.,
letrahedron 577. 2507 (2001)). 1-(2-0x0-2-(3"-1soquinolinyl)
cthyl)pyridinium 10dide was prepared by heating 3-acetyliso-
qulinoline with excess 12 in pyridine for 2 hours (R. G.
Pearson, J Am. Chem. Soc. 69,3100 (1947); L. C. King et al.,
J. Am. Chem. Soc. 70, 239 (1948)). a.,p-unsaturated ketone
(benzylidene-2-acetonaphthone) was prepared according to
the approach described in G. W. V. Cave et al., J. Chem. Soc.,
Perkin Trans. 1,3258 (2001); F. Neve et al., Inorg. Chem. 36,
6150 (1997), for example.

[0096] Heating 1-(2-ox0-2-(3'-1soquinolinyl)ethyl)pyri-
dinium 1odide (1.00 g, 2.66 mmol), benzylidene-2-acet-
onaphthone (0.69 g, 2.7 mmol) and ammonium acetate (5.00
g, 64.9 mmol) 1n methanol (100 mL) for 24 hours gave crude
Ligand 3. The crude product was filtered from the solution
mixture, washed with water and cold methanol, and purified
by column chromatography (silica gel, n-hexane/CHC1,=9:1
as eluent) to afford Ligand 3 as off-white solid. Yield: 0.87 g,
80%.

[0097] Ligand 3: 'H NMR (400 MHz, CDCI,, 25° C.,
TMS): 8 7.5 (t, *J(H,H)=6 Hz, 1H; H*®), 7.5-7.6 (m, 4H; H>,
H’ and H*’ ; 7.7 (t,3](H,H)=8 Hzé 1H; HZ?, 7.8(t,"J(H,H)=8
Hz, 1H; H*), 7.9-8.0 (m, 3H; H® and H*®), 8.0-8.1 (m, 4H;
H>, H°, H"” and H*®), 8.1 (s, 1H; le)f 8.5 (d, °J(H,H)=5 Hz,
1H; H?*),8.7 (s, 1H; H'*), 8.8 (s, 1H; H"*), 9.1 (s, 1H; H**), 9.4
(s, 1H; H'"); MS (70 eV, EI): m/z: 408 [M*].

(b) The Synthesis Method and Physical Characterizations of
Complex 3:

[0098]

Complex 3
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[0099] A muxtureolK,PtCl, (0.52 g, 1.3 mmol)and Ligand
3 (0.51 g, 1.3 mmol) 1 glacial acetic acid (100 mL) was
refluxed for 24 hours atfording crude Complex 3 1n a yellow
suspension. The yellow solid was washed with water and
acetone, and recrystallized in CH,Cl,. Complex 3 was 1s0-
lated as yellow crystals. Yield: 0.72 g, 90%.

[0100] Matenal 3: The X-ray crystal structure for Complex
3 15 depicted 1n FIG. 5 which shows that the coordinating O,
N, Pt and Cl atoms Complex 3 are closely co-planar (with the
Cl atom being out of plane by only 2.2°). 'HNMR (400 MHz,
d.-DMF, 25° C., TMS): 8 7.4 (t, J(H,H)=8 Hz, 1H; H®), 7.4
(t, "J(H,H)=8 Hz, 1H; H"), 7.6-7.7 (m, 3H; H'® and H*°), 7.7
(d,°J(H,H)=8Hz, 1H;H®), 7.8 (d,°J(H,H)=8 Hz, 1H; H>), 7.9
(t, "J(H.H)=7 Hz, 1H, H f),, 8.0 (t, °J(H,H)=8 Hz, 1H; HZCQ,,
8.1 (d, “J(H,H)=8 Hz, 1H; H'"), 8.2 (m, 3H; H*’ and H*®)
8.4-8.5 (m, 2H; H'* and H*), 8.6 (s, 1H; H*), 9.3 (s, 1H;
H*%),9.7 (s, 1H; H'"); MS (+FAB): m/z: 638 [M*]; elemental
analysis calcd (%) for C,,H,;CIN,Pt (638.0): C, 56.48; H,
3.00; N, 4.39. found: C, 56.04; H, 3.02; N, 4.50.

Example 4

[0101] Example 4 describes the synthesis of Ligand 4 and
Complex 4:

(a) The Synthesis Method and Physical Characterizations of
Ligand 4:

[0102]
Ligand 4
8 10
NS ‘/\ 1/
NN
5 3
[0103] 3-acetylisoqulinoline was prepared from 3-hy-

droxyisoqulinoline using a Heck reaction (J. Y. Legros et al.,
letrahedron 57: 2507 (2001)). 1-(2-0x0-2-(3'-1soquinolinyl)
cthyl)pyridinium 1odide was prepared by heating 3-acetyliso-
qulinoline with excess 12 in pyridine for 2 hours (R. G.

Pearson, J. Am. Chem. Soc. 69,3100(1947); L. C. King et al.,
J. Am. Chem. Soc. 70, 239 (1948)). o, p-unsaturated ketone
3", 5'-di-tert-butylbenzylidene-2-acetonaphthone) was pre-
pared according to the approach described in G. W. V. Cave et
al., J. Chem. Soc., Perkin Trans. 1,3258 (2001); F. Neve et al.,
Inorg. Chem. 36, 6150 (1997), for example.

[0104] Heating 1-(2-ox0-2-(3'-1soquinolinyl)ethyl)pyri-
dintum 1odide (0.90, 2.4 mmol), 3',5'-di-tert-butylben-
zylidene-2-acetonaphthone (0.89 g, 2.4 mmol) and ammo-
nium acetate (5.00 g, 64.9 mmol) in methanol (100mL) for 24
hours gave crude Ligand 4. The crude product was filtered
from the solution mixture, washed with water and cold
methanol, and punified by column chromatography (silica

el, n-hexane/CHC1,=9:1 as eluent) to afford Ligand 4 as
off-white solid. Yield: 0.89 g, 72%.

0105] Ligand 4: 'H NMR (400 MHz, CDClg, 25° C.,
TMS): 8 1.5 (s, 18H; C(CH,),), 7.6-7.7 (m, 6H; H®, H®, H*",
H?° and H*®), 7.8 (t, *J(H,H)=8 Hz, 1H; H*), 7.9-8.0 (m, 1H;
H>), 8.0-8.1 (m, 5H; H>, H’, H"*, H" and H*?), 8.5 (d,
*J(H,H)=10Hz, 1H;H*),8.7 (s, 1H; H'"), 8.8 (s, 1H; H"*), 9.1
(s, 1H; H**), 9.4 (s, 1H; H""); MS (70 eV, EI): m/z: 520 [M*].
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(b) The Synthesis Method and Physical Characterizations of
Complex 4:

[0106]
Complex 4
X
‘ 27
/ 26
25
13
2 TR 1
8 10 11 / 15 24 22
23
7 / ‘ 1 N 16 ‘ \ \ 21
I
6 \ p ) /N /13 / 20
5 3 17 19
Pt
Cl
[0107] A mixtureotK,PtCl, (0.50g, 1.2 mmol)and Ligand

4 (0.63 g, 1.2 mmol) m glacial acetic acid (100 mL) was
refluxed for 24 hours atfording crude Complex 4 1n a yellow
suspension. The yellow solid was washed with water and
acetone, and recrystallized in CH,Cl,. Complex 4 was 1s0-
lated as an orange crystalline solid. Yield: 0.73 g, 80%.
[0108] Complex 4: "H NMR (400 MHz, d.-DMF, 25° C.,
TMS): & 7.4 (t, >J(H,H)=7 Hz, 1H; H®), 7.4 (t, °J(H,H)=6.7
Hz, 1H; H"), 7.7 (d, *J(H,H)=7 Hz, 1H; H®), 7.8 (m, 2H; H’
and H*®), 7.9 (t, >J(H,H)=7 Hz, 1H; H*"), 8.0-8.1 (m, 5H; H°,
H'”, H*® and H*®), 8.4-8.5 (m, 3H; H'", H'* and H**), 8.6 (s,
1H; H"), 9.3 (s, 1H; H**), 9.7 (s, 1H; H""); MS (+FAB): m/z:
751 [M™]; elemental analysis calcd (%) for C; H, CIN,Pt
(750.2): C, 60.84; H, 4.70; N, 3.73. found: C, 60.91; H, 4.77;
N, 3.80.

Example 5

[0109] Example 5 describes the synthesis of Ligand 5 and
Complex 5:

(a) The Synthesis Method and Physical Characterizations of
Ligand 5:

(0110}

Ligand 5

13
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[0111] 3-acetylisoqulinoline was prepared from 3-hy-
droxyisoqulinoline using a Heck reaction (J. Y. Legros et al.,
letrahedron 577. 2507 (2001)). 1-(2-0x0-2-(3"-1soquinolinyl)
cthyl)pyridinium 1odide was prepared by heating 3-acetyliso-
qulinoline with excess 12 1n pyridine for 2 hours (R. G.
Pearson, J. Am. Chem. Soc. 69,3100 (1947); L. C. King et al.,
J. Am. Chem. Soc. 70, 239 (1948)). o, p-unsaturated ketone
(3',5'-difluorobenzylidene-2-acetonaphthone) was prepared
according to the approach described in G. W. V. Cave et al., J.
Chem. Soc., Perkin Trans. 1, 3258 (2001); F. Neve et al.,
Inorg. Chem. 36, 6150 (1997), for example.

[0112] Heating 1-(2-ox0-2-(3'-1soquinolinyl)ethyl)pyri-
dintum 1odide (1.91 g, 5.19 mmol), 3'.5'-difluoroben-
zylidene-2-acetonaphthone (1.53 g, 5.19 mmol) and ammo-
nium acetate (5.00 g, 64.9 mmol) in methanol (100 mL) for 24
hours gave crude Ligand 5. The crude product was filtered
from the solution mixture, washed with water and cold
methanol, and punfied by column chromatography (silica
gel, n-hexane/CHCI,=9:1 as eluent) to afford Ligand 5 as
off-white solid. Yield: 2.03 g, 88.1%.

[0113] Ligand 5: '"H NMR (400 MHz, CD,Cl,, 25° C.,
TMS): 8 7.0 (t,"J(H,F)=9 Hz, 1H; H*®), 7.4-7.5 (m, 2H; H>®),
7.6 (m, 2H; H® and H®), 7.7 (t, *J(H,H)=8 Hz, 1H; H*"), 7.8 (t,
*J(H,H)=8 Hz, 1H; H*"), 8.0 (m, 1H; H>), 8.0-8.1 (m, 5H; H”,
H’,H™ H" and H**), 8.5 (d,J(H,H)=10Hz, 1H; H*), 8.7 (s,
1H; H'), 8.8 (s, 1H; H'#), 9.1 (s, 1H; H**), 9.4 (s, 1H; H'");
“FNMR (376 MHz, CD,Cl,, 25° C.): § -109.6 (t, > J(H,F)=8
Hz), MS (70 eV, El): m/z: 444 [M™].

(b) The Synthesis Method and Physical Characterizations of
Complex 3:

(0114]

Complex 5

28

//‘*"\/>

12

e
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[0115] A muxtureolK,PtCl, (0.79 g, 1.9 mmol)and Ligand
5 (0.85 g, 1.9 mmol) 1 glacial acetic acid (100 mL) was
refluxed for 24 hours atfording crude Complex 5 1n a yellow
suspension. The yellow solid was washed with water and
acetone, and recrystallized in DMF. Complex 5 was 1solated
as a yellow crystalline solid. Yield: 1.1 g, 88%.

[0116] Complex 5: "H NMR (400 MHz, d,-DMF, 25° C.,
TMS): 8 7.3 (t, " J(H,H)=8 Hz, 1H; H®), 7.3 (t, > J(H,H)=8 Hz,
1H; H"), 7.5 (d, "J(H,H)=8 Hz, 1H; H?), 7.6 (d, "J(H,H)=7.8
Hz, 1H; 1), 7.7-7.8 (m, 4H; H°H>' and H*®), 7.9 (t, > J(H,H)
=7 Hz, 1H; H*"), 8.0 (d, *J(H,H)=8 Hz, 1H; H'), 8.1 (d,
*J(H,H)=8 Hz, 1H; H**),8.2 (s, 2H; H'® and H'*), 8.42 (s, 1H;
H'), 9.04 (s, 1H; H**), 9.29 (s, 1H; H'"); "°F NMR (376
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MHz, d.-DMF, 25° C.): § -110.13 (t, °J(F,H)=8 Hz); MS
(+FAB): m/z: 674 [M™]; elemental analysis calcd (%) for
C;soH,-F5;CIN,Pt (674.0): C, 53.46; H, 2.54; N, 4.16. found:
C,53.14,H,2.42, N, 4.47.

Example 6

[0117] Example 6 describes the synthesis of Ligand 6 and
Complex 6:

(a) The Synthesis Method and Physical Characterizations of
Ligand 6:

[0118]
Ligand 6
3y
F>§\
b
8 10
F 9‘ \1
AL
5 3
[0119] 3-acetylisoqulinoline was prepared from 3-hy-

droxyisoqulinoline using a Heck reaction (J. Y. Legros et al.,
letrahedron 577. 2507 (2001)). 1-(2-0x0-2-(3"-1soquinolinyl)
cthyl)pyridinium 10dide was prepared by heating 3-acetyliso-
qulinoline with excess 12 in pyridine for 2 hours (R. G.
Pearson, J Am. Chem. Soc. 69,3100 (1947); L. C. King et al.,
J. Am. Chem. Soc. 70, 239 (1948)). a.,p-unsaturated ketone
(3',5'-bis(trifluoromethyl))benzylidene-2-acetonaphthone)

were prepared according to the approach described in G. W. 'V,
Cave et al., J Chem. Soc., Perkin Trans. 1, 3238 (2001); F.

Neve et al., Inorg. Chem. 36, 6130 (1997), for example.

[0120] Heating 1-(2-ox0-2-(3'-1soquinolinyl)ethyl)pyri-
dinium 1o0dide (0.95 g, 2.5 mmol), 3',5"-bis(trifluoromethyl)
benzylidene-2-acetonaphthone (1.00 g, 2.54 mmol) and
ammonium acetate (5.00 g, 64.9 mmol) 1n methanol (100 mL)
for 24 hours gave crude Ligand 6. The crude product was
filtered from the solution mixture, washed with water and
cold methanol, and punfied by column chromatography

(silica gel, n-hexane/CHCI1,=9:1 as eluent) to atford Ligand 6
as oif-white solid. Yield: 1.2 g, 85%.

[0121] "H NMR (400 MHz, CDCl,, 25° C., TMS): & 7.5-
7.6 (m, 2H; H° and H®), 7.7 (t, " J(H,H)=9 Hz, 1H; H*"), 7.8 (1,
*J(H,H)=8 Hz, 1H; H*"), 7.9-8.0 (m, 1H; "), 8.0-8.1 (m, 6H;
H>, H’, H'*, H"” and H*), 8.3 (s, 2H; H**), 8.4 (d, *J(H,H)
=10Hz, 1H; H*), 8.7 (s, 1H; H'®), 8.8 (s, 1H; H'*), 9.1 (s, 1H;
H*%), 9.4 (s, 1H; H'"). '"F NMR (376 MHz, 25° C., TMS): 8
-62.6; MS (70 eV, El): m/z: 544 [M™].
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(b) The Synthesis Method and Physical Characterizations of
Complex 6:

10122]

Complex 6

[0123] A maxture of K,PtCl, (0.66 g, 1.6 mmol) and Com-
plex 6 (0.86 g, 1.6 mmol) 1n glacial acetic acid (100 mL) was
refluxed for 24 hours atfording crude Complex 6 1n a yellow
suspension. The yellow solid was washed with water and
acetone, and recrystallized in DME. Complex 6 was 1solated
as a yellow crystalline solid. Yield: 1.1 g, 92%.

[0124] Complex 6: '"H NMR data were not available
because the low solubility of Complex 6 1n various deuterated
solvents. "”F NMR (376 MHz, d.-DMF, 25°C.): § -62.1; MS
(+FAB): m/z: 774 [M™]; elemental analysis calcd (%) for
C;s,H,-F,CIN,Pt (774.0): C, 49.66; H, 2.21; and N, 3.62.
found: C, 49.67; H, 2.01; and N, 3.72.

Example 7

[0125] Example 7 shows the physical properties of non-
limiting 1llustrative Complexes 1-6. The absorption and pho-
toluminescent properties of Complexes 1-6 are provided in
Table 1.

[0126] The absorption spectra of Complexes 1-6 reveal
several intense transitions at A ranging from 250-390 nm,

which could be attributed to intraligand transitions since simi-

lar absorptions have been found 1n the free ligand. The broad

absorption at 400-470 nm (e=6800-10000 dm> mol™" cm™'
for Complexes 1-6 could be attributed to "MLCT (5d)Pt—>m*
(L) transition, although mixing with IL 1s not necessarily
excluded. The absorption tail at ~500 nm 1s tentatively attrib-
uted to "MLCT transition. FIG. 6 and FIG. 7 show the UV-
visible spectra of Complexes 1-4 1n CH,Cl, solution and
Complexes 5-6 1n DMF solution respectively.

[0127] Complexes 1-6 are strongly emissive, with emission
A attected by the substituent group R. The emission energy
in solution follows the order of: R=3,5-(‘Bu),Ph (Complexes
4, A _at 533 nm)>phenyl (Complexes 3, 3537 nm) in CH,Cl,
(2%107> M), and 3,5-F,Ph (Complexes 5, 614 nm)>3,5-(CF,)
,Ph (Complexes 6, 618 nm) in DMF (2x10~> M). In the cases
of Complexes 1-6, their emission spectra recorded 1n DMFE
solutions are not vibronically resolved. The emission of Com-
plexes 1-6at 525-618 nm (CH,Cl,, MeCN or DMF solutions)
are attributed to have come from a triplet excited state with
*IL and *MLCT parentage. There is a lack of dependence of
the emission energies on the complex concentrations from
10 to 107° mol dm™, suggesting that the emissions are not

excimeric “mt-t* or “"MMLCT in nature; these emissions are
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attributed to “IL charge-transfer in nature. FIG. 8 shows the
photo-luminescent spectra of Complexes 1-6 in CH,Cl, and

DMF solution.

[0128] The emission quantum yields of Complexes 1-6 1n
CH Cl, solutions range from 0.20 to 0.68, which are signifi-
cantly higher than that of the congener [(C"N"N)PtCl] com-
plexes ((C'N N)=6-phenyl-2,2'-bipyridyl and derivatives,
®=0.03-0.07). It 1s likely that the extended m-conjugated
(RC'N'N) ligands have a rigid structure, which disfavors
deactivation of the excited state by non-radiative process(es).
The emission quantum yields of Complexes 1-6 in DMF are
0.02-0.03, which are lower than that of Complexes 1-6 1n

gls/ﬁ(;lz solution, probably due to the quenching effect by
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4x107> M) of Complexes 1-6 were found to exhibit similar
vibronically structured emission with peak maxima at 518-
537 nm. The spacings are 1300-1400 cm™", which correspond
to skeletal vibrational frequencies of C—C/C—N entities of

the (RC'N'N) ligands. FIG. 9 shows the solid-state photo-
luminescent spectra of Complexes 1-6 at 298 K.

[0130] The thermal behavior of the illustrative materials
was measured using thermogravimetric analyses (1GA) at
heating rate of 20° C. min~". TGA measures weight changes
in a material as a function of temperature (or time) under a
controlled atmosphere. Complexes 1-6 possess relatively
high thermal stability and are stable to air and moisture; their

decomposition temperature (1 ;) ranges from 470 to 549° C.
as shown 1n FIG. 10 and Table 1.

TABL.

L1

1

Phvsical properties of illustrative Complexes 1-6.

Medium b

Complexes (T/K)

a el
A1,/ TUTD

1 CILCl, (298)

(e/x 10*dm” mol ™' em™)

249 (6.29), 289 (3.84), 307 (4.36), 343 (3.37), 381

Aem/TIM” (T/11S);

k,/10%'dm'mol " & d_ 4 Ty oCt

529 (6), 566, 595°; 6.8 0.20 470

(1.12), 416 (0.48), 451 (0.18), 500 (~0.01)

Solid (298) .
Solid (77) _
2-MeTHF _
(77)

) CH,Cl, (298)

250 (5.01), 290 (3.54), 305 (3.46), 342 (2.68), 375

588 (6), 635 (6), 694 (6) -
588 (14), 639 (14), 699 (14) _
521 (88), 563 (88), 609 (8R])" _

525 (6), 566, 591 (6), 633, 703%;  0.29 484

(0.92), 408 (0.44), 450 (0.11), 500 (~0.01) 0.8

Solid (298) _

609 (1), 693 (1) -

Solid (77) - 578 (13), 593 (13), 626 (13) -
2-MeTHF - 518 (97), 567 (97), 576 (32), -
(77) 624 (32)°
3 CH,CL, (298) 260 (6.40), 313 (4.69), 344 (3.04), 387 (0.99), 417 537 (7), 570%; 9.0 042 509
(0.60), 454 (0.10), 500 (~0.02)
Solid (298) - 615 (5) -
Solid (77) - 603 (9), 654 (9) -
2-MeTHF - 525 (43), 567 (43), 614 (43)" -
(77)
4 CH,Cl, (298) 254 (6.43),314 (5.05), 344 (3.30), 386 (1.07), 415 533 (7), 569%; 1.6 0.68 532
(0.68), 458 (0.12), 500 (~0.01)
DMF (298) 351 (4.84), 324 (4.89), 386 (1.22), 416 (0.78), 450 601 (11)%; 0.5 0.02
(0.22)
Solid (298) - 613 (2), 659 (2) -
Solid (77) - 610 (11), 659 (11), 720 (11) -
2-MeTHF - 523 (52), 566 (52), 617 (52)° -
(77)
5 DMF (298) 315 (4.19), 343 (2.88), 395 (1.09), 422 (0.64), 465 614 (0.7); 1.2 0.03 479
(0.11), 500 (~0.01)
Solid (298) - 615 (3), 661 (3), 725 (3) -
Solid (77) - 615 (10), 668 (10), 728 (10) -
2-MeTHF - 532 (33), 575 (33), 619 (33)° -
(77)
6 DMF (298) 316 (4.41), 344 (3.03), 395 (1.19), 427 (0.61), 467 618 (0.7)%; 0.9 0.02 549

(0.10), 500 (~0.04)
Solid (298) -
Solid (77) _
DMF/MeOH/ —
FtOH, 1:1:4
(77)

“Absorption maxima.

Pat4x 107> M.

‘Emission maxima.
dEmission quantum yield.

“at 2 x 107> M.
"Decomposition Temperature.

[0129] In solid state at room temperature, Complexes 1-6
show a vibronic structured emission with A __at 588-633 nm.
Upon cooling to 77 K, the emission slightly blue shifts. These
emissions are attributed to come from "MLCT excited states.

Glassy solutions (2-MeTHF or DMF/MeOH/EtOH, 1:1:4,

626 (2) —
618 (12), 669 (12) —
537 (35), 596 (35), 650 (35), —
715 (35)°

Example 8

[0131] Example 8 illustrates a non-limiting method
embodiment for preparing OLED A. The OLED was pre-
pared on patterned indium-tin-oxide (ITO) glass with a sheet
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resistance of 20€2/[]. Thermal vacuum deposition of the
materials was carrled out sequentially under a vacuum of
110" torr in a thin film deposition system (e.g., a MBraun
three-glove boxes system integrated with an Edwards Auto
306 and spin coater istrument). The devices were encapsu-
lated using anodized aluminum caps and their performance
was examined using Photoresearch PR-650. The current-
voltage characteristics were studied using a Keithley 2400
sourcemeter.

[0132] OLED A employing Complex 1 has the following
configuration: ITO (indium tin oxide))NPB (4,4'-b1s|N-(1-
naphthyl)-N-phenylamino]biphenyl, 70 nm)/CBP (4,4'-N,N-
dicarbazolebiphenyl): Complex 1, 5%, 30 nm)/BCP (batho-
cuprine, 15 nm)/Alq, (tris(8-quinolinolato)aluminum, 30
nm)/LiF (0.3 nm)/Al (130 nm). OLED A was observed to
emit yellow-green light (CIE=0.37, 0.58); strong emission
was observed with peak maxima at 532 and 570 nm with a
shoulder at ~610 nm, which could be attributed to come from
the triplet excited state of Complex 1. A brightness of 1 cd m™
was obtained at 5 V. The maximum brightness ot 37400 cd
m was achieved at 20 V. The peak external quantum effi-
ciency, luminous and power efficiencies are 14%, 46 cd A™",
and 18 Im W' at 0.24 mA cm™>, respectively, corresponding
to a brightness of 114 cd m™=. The EL spectrum of OLED A,
the J-V-B (Current density-voltage-brightness) relationships
of OLED A and the graph of external quantum efficiency and
power elliciency of the OLED A as a function of drive current
density are shown 1n FIG. 11, FIG. 12 and FIG. 13, respec-

tively.

Example 9

[0133] Example 9 illustrates a non-limiting method
embodiment for preparing OLED B and C. The OLEDs were
prepared on patterned indium-tin-oxide (ITO) glass with a
sheet resistance of 20€2/[1C. Thermal vacuum deposition of
the matenials was carried out sequentially under a vacuum of
1x10~° torr in a thin film deposition system (e.g., a MBraun
three-glove boxes system integrated with an Edwards Auto
306 and spin coater mstrument). The devices were encapsu-
lated using anodized aluminum caps and their performance
was examined using Photoresearch PR-650. The current-
voltage characteristics were studied using a Keithley 2400
sourcemeter. OLED B and OLED C employing Complex 4
have the following configuration: ITO (indium tin oxide)/
NPB (4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl, 40
nm)/CBP (4,4'-N,N-dicarbazolebiphenyl): Complex 4, X %,
30 nm)/BAlqg, (Bis(2-methyl-8-quinolinolato)(4-phenylphe-
nolato)aluminum, 10 nm)/Alq, (30 nm)/LiF (0.1 nm)/Al (200
nm). OLED B (X=1%) and OLED C (X=3%) offered the
highest maximum brightness and the current efficiency,
respectively. These devices were observed to emit yellowish
green light with similar CIE coordinates (CIE=0.36, 0.54 for
OLED B; CIE=0.38, 0.55 for OLED C). The EL A _ (540,
592 nm with a shoulder at 640 nm) 1s 1ndependent of the
doping concentrations for Complex 4. The turn-on voltage of
OLED B was 5V ata brightness of 1 cd m™?, and a maximum
current efficiency of 12.5 c¢cd A~' was obtained at 1.8 mA
cm™~. A maximum brightness was 63000 cd m™~ at 20 V. FIG.
14, FIG. 15 and FIG. 16 show the EL spectrum, the J-V-B
curves, and the external quantum efliciency and power eifi-
ciency as a function of drive current density for OLED B,
respectively. Also, the EL spectrum, the J-V-B curves, and the
external quantum efficiency and power efficiency as a func-
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tion of drive current density of OLED C are shown in FI1G. 17,
FIG. 18 and FIG. 19, respectively.

Example 10

[0134] Example 10 illustrates a method for preparing
WOLED A. The organic layers were deposited by high-
vacuum (107° Torr) thermal evaporation onto a cleaned glass
substrate pre-coated with transparent, conductive indium tin
oxide (ITO) 1n a thin film deposition system (e.g., a MBraun
three-glove boxes system integrated with an Edwards Auto
306 and spin coater istrument). A 30 nm-thick film of NPB
(4,4'-bi1s[N-(1-naphthyl)-N-phenylamino]biphenyl) served
as the hole-transporting layer (HTL). A 10 nm-thick light-
emitting layer (EML) comprising a CBP (4,4'-N,N'-dicarba-
zolebiphenyl) host was deposited while being doped with 5
wt.-% Complex 1. The doping level was controlled by the
deposition rates. Introduction of such a thin layer 1s to reduce
operational voltage. A 2 nm-thick layer of DNA (9,10-b1s-({3-
naphthyl)-anthrene) was used as a blue light emission layer
and a 4 nm thick layer of BCP was used to confine excitons 1n
the EML. A 30 nm-thick layer of tris-(8-hydroxy-quinoline)
aluminum (Alg3) was used to transport and inject electrons
into the EML. A shadow mask with a 3x3 mm* opening was
used to define the cathode comprising a 0.3 nm-thick layer of
L1F and a 130 nm-thick aluminum cap. The electrolumines-
cent (EL) spectra, brightness and Commaission Internationale
de L’Eclairage coordinates (CIE) of OLEDs were measured
with a Photo Research Inc. PR6350 luminance meter. The
luminance-current density-voltage characteristics were
recorded with the measurement of the EL spectra by combin-
ing the luminance meter and with a Keithley model 2400
voltage-current source. Measurements were carried out at
room temperature under ambient conditions. The EL spec-
trum of the white light-emitting device was influenced by the
thickness of the yellow-green emissive layer and doping con-
centration of Complex 1. The doping concentration for the
Pt(II) phosphorescent material was determined from the eifi-
ciency of single emissive layer OLED A 1n example 10. The
maximum external quantum efficiency 1s 14% for 5% doping
concentration. F1G. 20 shows the EL spectrum of WOLED A.
It revealed that EL spectrum covers the wavelength region of
visible light spectrum, from 400 to 700 nm. The spectrum
contains three peaks at maxima 436, 532 and 570 nm. The
emission at 450 nm 1s from DNA. The strong emission at 532
and 570 nm 1s from the triplet excited states, which are all
from Complex 1. If the applied voltage was increased from

7.5 10 15.5V, CIE coordinates changed from (0.26, 0.31) to
(0.33, 0.39), within the white light region.

[0135] FIG. 21 shows the J-V-B curves of WOLED A with
Swit.-% Complex 1. The threshold voltage of WOLED A 15 <4
V for 1 cd/m”. At a luminance of 1000 cd/m>, the applied
voltage is 8.5V, and at a luminance of 10000 cd/m?, the
voltage 1s 11.5 V. WOLED A exhibits the maximum lumi-
nance of 38200 cd/m* at a current density of 622 mA/cm? (at
15.5V).

[0136] The external quantum eificiency and power eifi-
ciency of WOLED A as a function of drive current density are
shown 1n FIG 22. The peak external quantum efficiency (n__,)
and power efficiency (1)) are 11% and 13 lm/W, respectlvely,,
corresponding to a drwe current density of 0.2 mA/cm” (5.5
V). At the benchmark brightness of 100 cd/m>, the external
quantum etficiency and power elfficiency are 10.1% and 10.6
Im/W, respectively, corresponding to a drive current density
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of 0.44 mA/cm”® (6 V). At a luminance of 1000 cd/m?, the
external quantum efliciency and power efficiency are 7.3%

and 6.0 Im/W, respectively.

Example 11

[0137] Example 11 illustrates a method for preparing
WOLED B. The organic layers were deposited by high-
vacuum (107° Torr) thermal evaporation onto a cleaned glass
substrate pre-coated with transparent, conductive indium tin
oxide (ITO) 1n a thin film deposition system (e.g., a MBraun
three-glove boxes system integrated with an Edwards Auto
306 and spin coater instrument). A 30 nm-thick film of NPB
(4,4'-b1s| N-(1-naphthyl)-N-phenylamino]biphenyl) served
as the hole-transporting layer (HTL). A 10 nm-thick light-
emitting layer (EML) comprising a CBP (4,4'-N,N-dicarba-
zolebiphenyl) host was deposited while being doped with 6.3
wt.-% Complex 6. The doping level was controlled by the
deposition rates. A 1 nm-thick layer of DNA (9,10-b1s-([3-
naphthyl)-anthracene) was used as a blue light emission layer
and a 4 nm thick layer of BCP was used to confine excitons in
the EML. A 30 nm-thick layer of tris-(8-hydroxy-quinoline)
aluminum (Alg3) was used to transport and inject electrons
into the EML. A shadow mask with a 3x3 mm~ opening was
used to define the cathode comprising a 0.5 nm-thick layer of
LiF and 100 nm-thick aluminum cap.

[0138] The electroluminescent (EL) spectra, brightness
and Commission Internationale de ’Eclairage coordinates
(CIE) of OLEDs were measured with a Photo Research Inc.
PR650 luminance meter. The luminance-current density-
voltage characteristics were recorded with the measurement
ol the EL spectra by combining the luminance meter and with
a Keithley model 2400 voltage-current source. Measure-
ments were carried out at room temperature under ambient
conditions. The maximum external quantum efliciency 1is
4.01% for 6.3% doping concentration. FIG. 23 shows the EL
spectrum of WOLED B. It revealed that EL spectrum covers
the wavelength region of visible light spectrum, from 400 to
700 nm. The spectrum contains three peaks at maxima 440,
552 and 592 nm. The emission at 440 nm 1s from DNA. The
strong emission at 552 and 3592 nm 1s from the triplet excited
states of Complex 6. If the applied voltage was increased from
7.5 to 13.5 V, CIE coordinates changed from (0.29, 0.31) to
(0.32, 0.35), within the white light region.

[0139] FIG. 24 shows J-V-B curves of WOLED B with 6.3
wt.-% Complex 6. The threshold voltage of WOLED B 1s <5
V for 1 cd/m*. At a luminance of 1210 c¢d m~=, the applied
voltage is 8.5V, and at a luminance of 12600 cd m™>, the
voltage 1s 12 V. WOLED B exhibits the maximum luminance
of 24900 cd m™~ at a current density of 422 mA cm™ (at 13.5
V) and a CRI of 73.

[0140] The external quantum eificiency and power eifi-
ciency of the WOLED B as a function of drive current density
are shown 1 FIG. 25. The peak external quantum efliciency
(n,,,) and power etliciency (n,) are 4.01% and 4.25 Im W,
respectively, corresponding to a drive current density of 1.3
mA cm™* (6.5V). Ataluminance of 1210 cd m™, the external
quantum eificiency and power efficiency are 3.36% and 2.66
Im W™, respectively.

[0141] In the preceding description, various aspects of
claimed subject matter have been described. For purposes of
explanation, specific numbers, systems and/or configurations
were set forth to provide a thorough understanding of claimed
subject matter. However, 1t should be apparent to one skilled
in the art having the benefit of this disclosure that claimed
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subject matter may be practiced beyond the specific details
provided. In other instances, well-known features were omit-
ted and/or simplified so as not to obscure claimed subject
matter. While certain features have been illustrated and/or
described herein, many modifications, substitutions, changes
and/or equivalents will now occur to those skilled 1n the art. It
1s, therefore, to be understood that the appended claims are
intended to cover all such modifications and/or changes as fall
within the true spirit of claimed subject matter.
What 1s claimed 1s:

1. An organometallic complex comprising:

an extended m-conjugated tridentate ligand having a plati-
num center, wherein the ligand comprises an extended
n-conjugated tridentate ligand having one of the follow-
ing structures:

R;
Rl\‘)\/ R3
\N/

Extended
Aromatic
System

Extended
Nitrogen
Heterocyclic
System N

Rs
M\/l\‘/Rﬁ

X

or

11

Extended
Nitrogen
Heterocyclic
System A N

Extended
Nitrogen
Heterocyclic

N System B

wherein R,-R, are independently hydrogen, halogen,
hydroxvyl, an unsubstituted alkyl, a substituted alkyl,
cycloalkyl, aryl, acyl, alkoxy, acyloxy, amino, acy-
lamino, aralkyl, cyano, carboxyl, thio, styryl, aminocar-
bonyl, carbamoyl, aryloxycarbonyl, phenoxycarbonyl,
or an alkoxycarbonyl group; and R, and R can addition-
ally be substituted aryl group.
wherein the R, -R substituents form a ring together with
the group on which they are substituted; and
wherein the extended nitrogen heterocyclic aromatic sys-
tems and the extended aromatic systems comprise fused
ring systems including at least two aromatic and/or het-
erocyclic aromatic rings fused together.
2. The organometallic complex of claim 1, wherein the
extended nitrogen heterocyclic systems independently have
one of the following structures:

/ Ry Ry> Ryj
Ry ‘ " /Rm ‘ NﬁA/
\Rg /YN/ \Rg
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-continued -continued
Rjj Rag
\ /
Ry> — Rjo

wherein R-R,, are hydrogen, halogen, hydroxyl, unsub-
stituted alkyl, an substituted alkyl, cycloalkyl, an aryl,
acyl, alkoxy, acyloxy, amino, acylamino, aralkyl, cyano,
carboxyl, thio, styryl, aminocarbonyl, carbamoyl, ary-
loxycarbonyl, phenoxycarbonyl, or an alkoxycarbonyl
group; and
wherein the R--R, , substituents form a ring together with
the group on which they are substituted.
3. The organometallic complex of claim 1, wherein the
extended aromatic systems have one of the following struc-
tures:

Rag Riyg
\ﬂ‘ N SN
\ F /\R”/ R>3 \/Rzl
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-continued
ng RJS
0 Ry7 ) q R 7 )
le_; Rlﬁ
Ris Ris

Rog
Ry | R
N
""'h-.--_
/ \ Rig
Rj7
Rjs Rie
Ry Rjo
O
""Ilh---
/ \ Rig
Ry7
Rys Rig
Ryg Ryg
N
O . h
Rj7
Rys Rig

wherein R,.-R,, are independently hydrogen, halogen,
hydroxyl, unsubstituted alkyl, substituted alkyl,
cycloalkyl, aryl, acyl, alkoxy, acyloxy, amino, acy-
lamino, aralkyl, cyano, carboxyl, thio, styryl, aminocar-
bonyl, carbamoyl, aryloxycarbonyl, phenoxycarbonyl,
or an alkoxycarbonyl group; and

wherein the R, .-R,, together form a ring together with the
group on which they are substituted.

4. The organometallic complex of claim 2, wherein the

extended m-conjugation tridentate ligand coordinates to the

platinum center through two nitrogen bonds and a carbon
bond, wherein the tridentate ligand bears a formal negative
charge localized at a site of a metal-carbon bond, the extended
n-conjugation tridentate ligand having one of the following

chemaical structures:

19
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R
R R3

X

/
Extended T

xtende
Nitro gen. i?;iﬁ;i or
Heterocyclic -
System ystell
Pt
L
11
Rs

Extended
Nitrogen
Heterocyclic
System A

Extended
Nitrogen
Heterocyclic
System B

wherein L comprises one of the following:

(1) a negatively charged of fluoride, chloride, bromide, or
10dide atom;

(2) a ligand group capable of forming a carbon metal bond
in the organometallic complex, including an acetylide,

an alkenyl, an unsubstituted aryl, an substituted aryl, an
unsubstituted alkyl, a substituted alkyl, a cyano, a cyclo-
penthenyl, a vinyl, an allyl, or an alkyl group; or

(3) R'E, wherein E comprises a substituent that 1s capable

of forming a bond to platinum includes an N, O, S, or Se
wherein atom and R' 1s hydrogen, halogen, hydroxyl,
unsubstituted alkyl, substituted alkyl, cycloalkyl, aryl,
acyl, alkoxy, acyloxy, amino, acylamino, aralkyl, cyano,
carboxyl, thio, styryl, aminocarbonyl, carbamoyl, ary-
loxycarbonyl, phenoxycarbonyl, or an alkoxycarbonyl
group.

5. The organometallic complex of claim 2, wherein the
complex 1s used as a light-emitting material 1n an electrolu-
minescent (EL) device, an organic light-emitting device
(OLED), a polymer light-emitting device (PLED), a photo-
voltaic cell, a field-effect transistor, a sensor, or a laser.

6. The organometallic complex of claim 3, wherein the
complex 1s being deposited using thin layer vacuum deposi-
tion.

7. The organometallic complex of 5, wherein the light-
emitting material 1s applied using spin-coating.

8. A heterostructure light-emitting device comprising;:

a substrate;

a first electrode deposited over the substrate;

a first hole transporting layer;

a first emissive layer comprising a host material and an

emitting/dopant complex, the emitting/dopant complex
including an extended m-conjugated tridentate ligand,
and a platinum center;

a hole blocking layer;
an electron transporting layer; and
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a second electrode deposited over the electron transporting
layer, sandwiching the hole transporting layer, emissive
layer, hole blocking layer and electron transporting layer
between the first and the second electrodes.

9. The heterostructure light-emitting device of claim 8,
turther comprising:

a second hole transporting layer;

a blue emissive layer;

wherein the second electrode sandwiches the hole trans-

porting layer, the first emissive layer, the second hole
transporting layer, the blue emissive layer, the hole
blocking layer and the electron transporting layer
between the first and the second electrodes.

10. The heterostructure light-emitting device of claim 8,
wherein the hole transporting layer 1s naphthylphenylbiphe-
nylamine (NPB), or 4,4'-bis|N,N'-3-tolylamino]-3,3'-dim-
cthylbiphenyl (HMTPD).

11. The heterostructure light-emitting device of claim 9,
wherein the hole transporting layer 1s naphthylphenylbiphe-
nylamine (NPB), or 4,4'-bis|N,N'-3-tolylamino]-3,3'-dim-
cthylbiphenyl (HMTPD).

12. The heterostructure light-emitting device of claim 8,
wherein the hole blocking 1s 4-biphenyloxolato 4,4'-N,N'-
dicarbazole-biphenyl (CBP), aluminum(III)bis(2-methyl-8-
quinolinato)4-phenylphenolate (BAlq), or bathocuproine
(BCP).

13. The heterostructure light-emitting device of claims 9,
wherein the hole blocking 1s 4-biphenyloxolato 4,4'-IN,N'-
dicarbazole-biphenyl (CBP), aluminum(III)bis(2-methyl-8-
quinolinato)4-phenylphenolate (BAlq), or bathocuproine
(BCP).

14. The heterostructure light-emitting device of claim 8,
wherein the electron transporting layer 1s tris(8-quinolino-
lato)aluminum (Alg3).

15. The heterostructure light-emitting device of claim 9,
wherein the electron transporting layer 1s tris(8-quinolino-
lato)aluminum (Alg3).

16. The heterostructure light-emitting device of claim 8,
wherein the host material 1s naphthylphenylbiphenylamine
(NPB),  3-phenyl-4-(1'-naphthyl)-5-phenyl-1,2.,4-triazole
(TAZ), bathocuproine (BCP), 4,4'-N,N'-dicarbazole-biphe-
nyl (CBP), or 1,3-bis(N,N'-t-butylphenyl)-1,3,4-oxadiazole
(OXD7).

17. The heterostructure light-emitting device of claim 9,
wherein the host material 1s naphthylphenylbiphenylamine
(NPB),  3-phenyl-4-(1'-naphthyl)-5-phenyl-1,2.4-triazole
(TAZ), bathocuproine (BCP), 4,4'-N,N'-dicarbazole-biphe-
nyl (CBP), or 1,3-bis(N,N'-t-butylphenyl)-1,3,4-oxadiazole
(OXD7).

18. The heterostructure light-emitting device of claim 9,
wherein the blue emissive layer 1s 9,10-bi1s-(-naphthyl)-an-
thracene (DNA), naphthylphenylbiphenylamine (NPB),
3-phenyl-4-(1'-naphthyl)-5-phenyl-1,2,4-triazole (TAZ),
4-biphenyloxolato 4,4'-N,N'-dicarbazole-biphenyl (CBP),
bathocuproine (BCP), aluminum(III) bis(2-methyl-8-quino-
linato)4-phenylphenolate (BAlq), or 1,3-bis (N,N'-t-bu-
tylphenyl)-1,3,4-oxadiazole (OXD7).
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19. The heterostructure light-emitting device of claim 8,
turther comprising a plurality of emissive layers.

20. The heterostructure light-emitting device of claim 9,
turther comprising a plurality of emissive layers.

21. The heterostructure light-emitting device of claim 8,
further comprising at least one filter layer.

22. The heterostructure light-emitting device of claim 9,
further comprising at least one filter layer.

23. The heterostructure light-emitting device of claim 9,
wherein the device emits orange light at CIE__1931 coordi-
nates of (0.37, 0.58).

24. The heterostructure light-emitting device of claim 9,
wherein the device emits white light at CIE_ 1931 coordi-
nates from about (0.26, 0.31) to about (0.33, 0.39), with
increasing voltage.

25. The heterostructure light-emitting device of claim 9,
wherein the device emits white-light with distinct emission
peak maxima at 436, 532 and 570 nm 1n an electrolumines-
cent spectrum.

26. A flat panel display comprising at least one heterostruc-
ture light-emitting device of claim 8.

277. A tflat panel display comprising at least one heterostruc-
ture light-emitting device of claim 9.

28. A method of fabricating a light-emitting device, the
method comprising:
depositing a first electrode on a substrate;
depositing a hole transporting layer on the first electrode;
depositing at least one emissive layer on the hole transport

layer, the emissive layer comprising at least one host

material and/or one emitting/dopant complex, wherein

the emitting/dopant complex comprises an extended

n-conjugated tridentate ligand, having platinum center;

depositing a hole blocking layer on the emissive layer;

depositing an electron transporting layer on the hole block-
ing layer; and

depositing a second electrode on the electron transporting,

layer.

29. A method of fabricating a light-emitting device, the
method comprising:
depositing a first electrode on a substrate;
depositing a hole transporting layer on the first electrode;
depositing at least one emissive layer on the hole transport

layer, the emissive layer comprising at least one host

material and/or one emitting/dopant complex, wherein
the emitting/dopant complex comprises an extended
n-conjugated tridentate ligand, having a platinum cen-
ter;

depositing a hole transporting layer on the emissive layer;

depositing a blue emissive layer on the hole transporting
layer;

depositing a hole blocking layer on the blue emissive layer;

depositing an electron transporting layer on the hole block-
ing layer; and

depositing a second electrode on the electron transporting,
layer.
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